Abstract Objective. Aortic arch ob-
struction is a commonly associated problem in the Taussig-Bing anomaly. Between 1983 and 1995, 28 consecutive patients with Taussig-Bing anomaly underwent arterial switch operation with baffling of the left ventricle to neoaorta. Group A: 11/28 had associated aortic arch obstruction. Group B: 17/28 had isolated Taussig-Bing anomaly. We assessed whether the coexistence of subpulmonary ventricular septal defect and aortic arch obstruction pose an incremental risk factor. Patient~ and results. Group A: Mean age and weight were 1.4+1.3 months and 3.5_+0.4 kg. The aortic arch obstruction included: hypoplasia (5/11), interruption (4/11) and discrete coarctation (2/11). Seven patients had a one-stage correction, and four had initial arch repair followed by arterial switch operation. There were no hospital deaths (CL 0-28%). Over a follow-up of 638 patientmonths (mean 64_+39), there have been no late deaths, and all patients are in New York Heart Association class 1. There have been three cases of recurrent aortic arch obstruction (two requiring reoperation, and one requiring balloon dilation). One patient has been reoperated upon for right ventricular outflow tract obstruction. The actuarial survival and freedom from reoperation rates at 6 years were 100% (CL=66-100%) and 72.9% (CL=38-92%) respectively. Group B: Mean age and weight~were 5.9+8.4 months and 5+2.1 kg. All patients had a onestage operation. There were two early deaths (11.8%, CL=1-36%) and one late death over a follow-up of 678 patient-months (mean 52+31). All survivors are in New York Heart Association class 1 and there have been no reoperations. The actuarial survival and freedom from reoperation rates at 6 years were 81% (CL=56-93%) and 100% (CL=76-100%) respectively. 
Conclusions

Introduction
The Taussig-Bing anomaly (TBA) is a well-known anatomic entity broadly defined as a double-outlet right ventricle (DORV) with subpulmonary ventricular septal defect (VSD) and malalignment of the outlet and main interventricular septa [6, 14, 24, 26] . The septal matalignment may cause aortic arch anomalies due to preferential flow pattern from the left ventricle (LV) to the pulmonary artery [ 19, 23] . Consequently, aortic arch obstruction (AAO) is a commonly associated feature of TBA [16, 20, 27] .
Multivariate analysis of all DORV repairs performed at the Royal Children's Hospital (RCH) suggested that arch obstruction was a risk factor for hospital death, but subpulmonary VSD was not ( Table 1 ). The hypothesis that the coexistence of subpulmonary VSD and AAO could be an incremental risk factor for surgical repair is analysed herein. Our management strategy for TBA during the period of this study has been closure of the VSD (LV to neoaortic baffle) combined with an arterial switch operation (ASO) [12] . In the presence of AAO, both one-stage and two-stage procedures have been used. 
Patients and methods
Patient population
Between May 1983 and February 1995, 28 patients with TBA had repair consisting of ASO and baffling of the LV to neoaorta. Patients were analysed according to the presence or absence of AAO. One patient with TBA and AAO had repair of the aortic arch plus atrial septectomy early in th~s series, and did not survive to undergo an ASO.
Group A
This group included 11 patients (39%), with TBA and associated AAO. The diagnosis was established with cardiac catheterization (n=3), two-dimensional echocardiography (n=5) or both (n=3). A balloon atrial septostomy was performed in six patients and four required prostaglandin E 1 infusion to Improve perfuslon of the distal aorta via the ductus arteriosus. The degree of AAO ranged from locahsed isthmic coarctation to coarctation plus hypoplastic transverse arch or complete interruption. In our institution, and for this study. a transverse arch diameter (echo or catheter estimate in millimetres) less than the baby's weight (in kg) + 1 is considered to be indicative of hypoplasia. The great vessels were in anterior-posterior relationship (8/11) or side-by-side (3/11). The coronary artery distribution was one left circumflex, two right m 3/11 patients, one left-right circumflex in 2/11 patients, one left, two right circumflex in 4/11 patients and one left-right, two circumflex in 2/11 patients. The VSD location was subpulmonary in all cases, with septal malalignment. One patient had an additional muscular VSD. Other associated anomalies included: subaortic stenosls (8/11 patients), straddling of the mitral valve (1/11 patients) and moderate right ventrxcular hypoplasia (1/1 l patients). The incidence of subaortic stenosls was similar in patients with or without AAO (P>0.05) ( Table 2) .
Surgical treatment. Our ASO for TBA was similar to that used m our institution for other neonates with transposition of the great arteries [11] [12] [13] . We generally employed blcaval cannulatlon and hypothermic full flow (150 ml/kg per rain) car&opulmonary bypass at 22°C. Alphastat pH strategy was employed during cooling. For one stage procedures, the arch repair was performed using a period of circulatory arrest at 18°C. We tended to employ the Lecompte manoeuvre in most patients (10/11 in group A) including those with side-by-side vessels. In the latter group, the neopulmonary anastomosis was often moved leftward onto a branch pulmonary artery, with partial closure of the mare pulmonary artery. Although the coronary arteries were frequently in unusual configurations, all could be transferred and reimplanted using medially based rectangular flaps. One patient had an intramural coronary, which was translocated using a previously published technique [2] . The VSD was closed via the right amum m all cases. The patient with a straddling mitral valve had a large VSD patch placed on the right side of the right ventricular septal attachments of the mitral cords. A subaortic resectlon was necessary in eight patients (five cases approached via aorta, two cases via the right atrmm, and in one patient by both routes). Neoaortlc anastomosis was always performed without added patch material, although the pulmonary artery s~ze was significantly greater than the aortic one in many patients. A one-stage procedure was used in 6/11 patients with TBA and AAO. In the other five patients, the AAO was repaired via a left thoracotomy, followed by ASO at a mean interval of 2.1+1.3 months. In the two-stage subgroup, heterogeneous repair techniques were used. Two patients were operated on in other centers and had received prosthetic tubes One of these patients needed revlsional AAO reconstruction, which was performed at the time of ASO. A subclavian flap angioplasty technique was used in two patients The AAO reconstruction in the one-stage subset was performed by direct anastomosis of the descending aorta to the underside of the aortic arch, a techmque which has been extensively described in another publication [9] . Adequate mobilization of the aorta and head vessels greatly facilitates th~s procedure, as does the use of the Lecompte manoeuvre, which relieves tension on the repaired arch.
The mean aoruc cross-clamp time was 86+10 min and the mean period of cardtopulmonary bypass was 158+-39 min. In eaght patients. c~rculatory arrest was necessary, its mean duration being 33_+14 mm. A delayed sternal closure (2 days) was necessary in two patients.
Group B
Seventeen patients had tsolated TBA. The diagnosis was estabhshed with a cardxac catheterization (n=6), echocardmgraphy (n=2) or both (n = 9) A balloon atrial septostomy was performed m 12 patients and 9 pauents received prostaglandin E] infusions. The great vessel relatlonshxp was anterior-posterior (8/17) or side-by-side (9/17). Coronary artery anatomy was one left c~rcumflex, two right in 6/17 paUents, one left, two right c~rcumflex in 5/17 patients, and one rightleft anterior descending, two circumflex m 6/17 pattents. At operation the mean age, weight and body surface area were 5.9+_8.4 months, 5+_2 1 kg and 0.27+_0.08 m 2 respectxvely Eleven patients underwent repair before 3 months of age. One patient had recetved a palliative pulmonary artery banding 2 3 years before the complete repair. Associated anomalies include subaortlc stenosis in seven paUents (41 1%), a straddhng tricuspid valve in two patients, and a left juxtaposmon of atrial appendages in two patients. 
Results
In Group A, there were no hospital deaths (CL=0-28%). Over a follow-up time of 638 patient-months, there have been no late deaths, but three patients have required reoperation. Two children needed a second arch reconstruction for recurrent AAO. In one, a homograft aortic onlay patch was used to enlarge the previous end-to-end anastomosis. The second patient had an end-to-end anastomosis to relieve an initially inadequate PTFE patch repair (performed elsewhere). One patient had moderate residual AAO and required a balloon angioplasty. A third patient was reoperated for a residual VSD combined with right ventricular outflow tract obstruction (RVOTO) (60 mmHg gradient). The actuarial survival and freedom from reoperation rates ( Figs. 1 and 2 ) at 6 years were 100% (CL=66-100%) and 72.9% (CL=38-92%). The functional status of all patients is NYHA class 1, and all patients are in sinus rhythm.
In Group B, there were two hospital deaths (11% CL=1-36%) and one late death over 678 patient-months follow-up. The hospital mortality was due to a small left ventricle in one case and in the other to probable coronary spasm with myocardial ischemia. The single late death oc- curred 6 months following operation, and was related to LV failure of unknown cause (the patient resided overseas and could not return for further treatment). There have been no reoperations in this group. All survivors are in NYHA class 1, maintaining sinus rhythm. The actuarial survival and freedom from reoperation rates at 6 years (Figs. 1 and 2) were 81% (CL=56-93%) and 100% (CL=75-100%). Early and late mortality and reoperation probability are summarised in Table 3 .
Discussion
A good anatomic study should begin with a precise definition, but in the case of TBA this presents difficulties. Classically the TBA refers to a form of DORV with the aorta lying more or less directly to the right of the pulmonary trunk, which is closely related to a VSD over which it tends to straddle. There is usually a sagittal orientation of the infundibular septum, which is itself not part of the main intraventricular septum. The presence of a subaortic conus is the rule, but a subpulmonary conus is variably present [6, 28] . There is anatomic overlap between transposition of the great arteries with VSD, TBA and DORV with uncommitted VSD. Part of the difficulty in defining this entity arises in the use of the term "subpulmonic VSD" for patients with a bilateral muscular conus. Taking a simplified surgical view, we might say that TBA is a DORV in which the VSD can be more conveniently and directly connected to the pulmonary artery than to the aorta. This is the definition used for our study.
Taussig-Bing anomaly with AAO has been reported as a common association that complicates about 50% of the cases [12, 16] . Aortic arch obstruction, by way of comparison, is present in only 6% of cases of TGA with VSD. The anatomic characteristics of TBA may influence this correlation, as septal malalignment produces a preferential flow from LV to pulmonary artery [ 13] . Also, the subaortic muscular conus may act as a partial obstruction tending to divert flow away from the aorta [10] . The flow into the ascending aorta would therefore be limited and flow across the isthmus reduced, with resultant AAO [19] . The natural history of the TBA is very unfavourable, influenced by severe congestive heart failure and early development of pulmonary vascular disease. This prognosis is even worse when AAO is present. Patients with TBA and AAO presented for operation earlier in life than infants without AAO, in keeping with the more acute natural history of the former association (24 vs 79 days, P=0.02) ( Table 2) .
From a therapeutic point of view, there are a number of operations currently in use for TBA. These can be grouped according to the method of VSD closure, either directly to the pulmonary artery, or to the aorta by way of an intraventricular tunnel (Figure 3) . Intraventricular tunnel repair, combined with an extensive infundibular resection, is attractive considering that the native aortic valve is preserved and coronary dissection and translocation are avoided [10, 22, 28] . However, this technique requires an adequate tricuspid-pulmonary valve annular distance in order to avoid subaortic tunnel obstruction [11.21] . For this reason the intraventricular repair of the TBA may be difficult or impossible in some hearts. However, operations in this category have been successfully undertaken by many surgeons, and certainly continue to have an important role in the treatment of the TBA. In the past it has been demonstrated that an atrial switch is an unsatisfactory technique in TBA, with poor early and late results [1, 12, 25] . Such repairs should therefore be avoided except under extraordinary circumstances. The ASO with a LV to neoaorta baffle is an excellent way to deal with the intracardiac features of TBA and to establish normal origin of the great vessels and coronary arteries [12, 14] . Over the preceding decade, we employed the ASO in all Taussig-Bing patients for whom biventricular repair was a possibility, irrespective of intracardiac features, great vessel size/position or coronary anatomy. Several procedures have been used for the treatment of AAO. A large direct anastomosis seems to be the most satisfactory, and is nearly always possible after complete resection of the ductal tissue, adequate mobilisation of the ascending and descending aorta, and an adequate incision of the aortic arch. We believe that an effective arch reconstruction is best achieved by an anterior approach when the degree of obstruction is more complicated than discrete coarctation [9] . If discrete coarctation is present, with a normally sized transverse arch, then initial repair via left thoracotomy is a useful option in some patients. In this way one might reduce the total cardiac ischaemic time required for repair of the TBA, which is performed as a second stage without interim pulmonary artery banding. However, if there are doubts regarding the adequacy of the transverse arch, then a one-stage repair by median sternotomy is more appropriate [5, 7, 17, 18] .
For 28 patients treated with a direct ASO, we have an early mortality probably of 7.1% (CL=1-23%), with no deaths occurring in the last decade. There was no significant difference in hospital mortality or 6-year actuarial survival between groups A and B, although this is a small series (Table 3) . In a comparative mortality analysis of some related anatomic groups treated with ASO, there were also no statistical differences in the early outcome for the TBA (with or without AAO), all DORV biventricular repairs and all infants having arch repairs combined with intracardiac repair (Table 4 ). The ASO combined with VSD closure could therefore be considered a good choice of procedure for the TBA anomaly with a risk similar to other complex neonatal operations in which a reasonable outcome has been achieved. It has been demonstrated that a neonatal one-stage repair prevents progression of the subaortic gradient commonly seen in TBA [5, 18] . In the presence of a hypertrophied infundibular septum, a direct muscle resection appears to provide effective relief, although VSD closure may itself tend to reduce the gradient [3] . The use of two large autologous pericardia1 patches for neopulmonary artery sinus reconstruction is a key technique to avoid post ASO RVOTO. However, in a comparative study of post ASO right ventricle to pulmonary artery mean gradients, we found that the TBA group has ranged higher (TBA: 18.5 mm,transposition with intact ventricular septum: 6.2 mm, transposition with VSD: 9.2 mm, P<0.01). These gradients rarely increase and reoperation is usually not indicated. In our experience only one patient with a gradient needed surgical treatment (concurrent to closure of a residual VSD).
From this analysis, we conclude that the presence of arch obstruction need not adversely affect long-or shortterm survival for patients with TBA who undergo ASO. The presence of AAO may influence the ultimate need for reintervention. The TBA repair with ASO carries a risk similar to that of other complex repairs in the newborn. The ASO performed in early infancy (birth to 12 weeks) is therefore a very appropriate operative strategy for both groups of TBA patients, irrespective of other anatomic features.
